contents were ascertained. Data were analyzed with a completely randomized design with a factorial arrangement of 2×6. A decrease of 11% in DM was observed for T1 compared with T2 at 48 h of fermentation. A 300% increase in PC content was observed for T2 at 120 h of fermentation. The DMIVD was increased by 3%, whereas the values of NDF and ADF decreased by 18% in T2. According to our results, it is confirmed that the use of K. marxianus in the SSF of Opuntia ficus-indica has a positive effect and improves the nutrimental quality of this forage.
Introduction
Irregular annual rainfall distribution in the northern region of Mexico limits natural forage availability, especially during the dry season (Murillo et al., 2000) . Consequently, commercial concentrates must be used during this period to provide the protein and energy required for cattle. However, a 40% increment in the cost of supplements has generated interest in using alternative food sources to reduce costs (Herrera, 2011) . Opuntia ficus-indica represents one such alternative that has been used in cattle feed. O. ficus-indica is advantageous because its substrate is easily converted to biomass and it can potentially be used as a substrate on which to grow microorganisms in complex environments (Gutierrez et al., 2009) . The main disadvantage of using O. ficus-indica is that it has low crude protein content (4%). However, solid-state fermentation (SSF) biotechnology may enhance the nutritional quality of O. ficus-indica because this technology is able to produce biomass from the carbohydrates present in O. ficus-indica (Peláez et al., 2011) . Solid-state fermentation allows the growth and cultivation of microorganisms under controlled conditions in the absence of free water, yielding products of interest (Pandey et al., 1999) . Examples of products obtained by SSF include industrial enzymes, fuels, and nutrient-enriched animals. Yeasts, such as Saccharomyces cerevisiae and some species of Kluyveromyces, are among the microorganisms that are frequently used in this process (Van Markis et al., 2006) . These yeasts generate microbial biomass with a high protein content in the form of unicellular proteins (Grba et al., 2002) . Kluyveromyces marxianus is a versatile yeast that may be economically exploited for a wide range of applications, including the production of various enzymes (such as inulase, pectinase, and lactase) and for unicellular protein production (Schultz et al., 2006) . Moreover, K. marxianus has a clear advantage over other yeasts because of its thermo-tolerance, high growth rates, absence of fermentative metabolism in excess sugar and broad substrate spectrum (Van Dijken et al., 2000) . However, information about the overall nutritional quality of O. ficus-indica fermented with K. marxianus is lacking. Therefore, this study aimed to investigate the effect of K. marxianus on the nutritive variables of O. ficus-indica during different times of solid state fermentation.
Materials and methods

Study area
The present study was performed in the Postgradu- 
Yeast strain
The yeast strain K. marxianus ITD00262 was obtained from the collection of the Microbial Biotechnology Laboratory (Technological Institute of Durango). This strain was previously isolated by traditional agave fermentation and identified using restriction fragment length polymorphism and the Yeast-id database (Páez et al., 2013) .
Physiological characterization
Cultures were obtained after inoculation on agar plates and overnight incubation at 28 °C in 10 ml of yeast, nitrogen, and base (YNB) medium (containing 1.7% YNB w/w nitrogen, 2% lactose and 2% inulin) with 0.5% ammonium as the sole nitrogen source. 
Cultivation
Chemical analysis
The Opuntia ficus-indica samples and fermented O. ficus-indica were dried at 55 °C for 24 h in a forced air oven. All samples from all fermentation times were subjected to several nutritional analyses. The dry matter (DM; #934.01) and crude protein (CP; #954.0) concentrations were determined according to the AOAC (1997). The neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin (LIGN; #973.18) percentages were determined by procedures proposed by Van Soest et al. (1991) . In vitro dry matter digestibility (IVDMD) was determined using methods suggested by ANKOM Technology, Macedon, New York, USA.
Statistical analysis
Data were analyzed according to a completely randomized design with a factorial arrangement of 2×6 with measures from each 24-hour period using GLM procedures in SAS. The factors evaluated were with and without yeast and different fermentation times (0, 24, 48, 72, 96 and 120 h) . The model included the effects of the yeast, fermentation time and interactions between the two variables.
Results
Fermentation and chemical characteristics
Treatment × time interactions were observed for DM and CP (P < 0.05, Table 1 ). The dry matter content decreased with increasing fermentation time, whereas the CP content increased. The dry matter content was 11% lower for T1 compared with T2 at 48 h of fermentation. The crude protein concentration increased by 300% in T2 at 120 h of fermentation with respect to T1. Increased fermentation time increased the CP concentration in T2 by 119%. A treatment × time interaction was observed for pH (P < 0.05, Figure 1 ). The pH registered in O. ficus-indica fermented with K. marxianus was lower than that of O. ficus-indica fermented within yeast at all fermentation times.
Discussion
Physiological characterization
Isolates of strains from agave fermentation are able to grow in inulin, which is the energy storage form for this type of plants. The principal structure in agave is agavina, which is a type of 
Fermentation and chemical characteristics
The reduction observed in DM content may be attributed to yeast growth on the substrate, resulting in metabolism of the carbohydrates present in the substrate to produce CO 2 , H 2 O and energy (Sato and Sudo, 1999) . Moreover, the reduction of DM consumption is revealed by the intake of fibrous components (Darwish et al., 2012) . Our results supported those of Chiteva and Wairagu (2013) and Melo et al. (2003) , who reported 13% and 10.70% DM in O. ficus-indica without fermentation, respectively. In this study, the DM content decreased with increased fermentation time in O. ficus-indica fermented with K. marxianus, but was higher than T1. (Table 1) . In T2, CP initial was 3.97% but increased more than three times to 12.34%, without regard to K marxianus from CP. Overall, the final CP was 16.31%, similar to high-quality forages (Table 1) .
The high digestibility values obtained in this study (approximately 90%) may be attributed to the soluble carbohydrates present in the cactus, which are related to the nitrogen-free extract and low NDF content (Northon, 1982) . According to (Do Santos et al., 2015) an increase in degradability of biomass is due to higher cell fiber degradation of cactus pear by microorganisms present in the rumen, resulting in greater nutrient absorption. Similarly, Murillo et al. (2000) pH is a critical factor during the SSF process (Pastrana, 1995) . The optimal pH for K. marxianus growth is 4.5 to 5.0, although it may occur at pH 7.5 (Costa, 2000) . In this study, the highest PC was recorded at pH 6.75. In contrast, Díaz (2011) ficus-indica durante la FES al ser inoculado con K. marxianus ITD00262, para esto la cepa se activó en caldo de Glucosa peptona, extracto de levadura (GPY), a 28°C y pH de 4.8, el proceso de fermentación consistió de dos tratamientos, el primero sin inoculación de K. marxianus (T1), el segundo inoculando K marxianus (T2). Las muestras de O. ficus-indica fermentadas fueron secadas, y se les determinó los contenidos de materia seca (MS), proteína cruda (PC), fibra detergente neutra (FDN), fibra acido detergente (FDA), lignina (LIGN), digestibilidad in vitro de materia seca (IVDMD). Los datos fueron analizados con un arreglo factorial de 2×6. Se observó una disminución en la MS, el cual fue 11% menor para T1 comparado con T2 a las 48 h de fermentación. El contenido de PC, se incrementó 300% en T2 a las 120 h de fermentación. La DIVMS aumentó 3% mientras que los valores de FDN y FDA disminuyeron 18% en T2. De acuerdo con nuestros resultados, se confirma que el uso de K. marxianus en la FES de O. ficusindica, tiene un efecto positivo porque incrementa la calidad nutritiva de este forraje.
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